Abstract: This paper proposes an efficient design method of multiuser multiple input multiple output (MIMO) downlink system assuming use of a large array antenna in transmitter side. To reduce the heavy computational load required for transmit weight design, the large antenna is first divided into several subarrays, and block diagonalization method is applied to each of them. Then subarrays are again synthesized to a large array with the original size based on the concept of the maximum ratio combining (MRC), where two kinds of strategies, the transmitter first design and the receiver first approach are considered. Computer simulations show that the performance is degraded from the original method, but it can be achieved with significantly low computations so that it is utilizable even when the conventional block diagonalization is computationally impractical.
Introduction
Recently, multiuser multiple input multiple output (MIMO) communication using many antenna elements in transmitter and/or receiver sides is collecting attentions as large scale or massive MIMO [1] . In this system, in spite of high performance brought by its fulfilling resource, the complexity of data precoding and/or signal detection is significantly increased, and sometimes leads to intractable computational load. To cope with this problem, many approaches have been considered; suboptimal maximum likelihood methods based on tabu search [2] or belief propagation [3] are shown to be effective for signal detection, and utilized also in precoding using vector perturbation for a large transmit array [4] . In the conventional multiuser MIMO downlink system, linear precoding techniques are widely used because of their theoretical simplicity and low computations. This study considers the reduction of computations demanded in block diagonalization [5] which is a kind of linear precoding approach, assuming utilization of a large size array in the transmitter side and much smaller number of users than the maximum possible value. For this aim, a MIMO version of subarray based strategy (for the conventional array processing, e.g., [6] ) is adopted, and to transact the uncertainty of receiver weight, two types of algorithms are considered. Combination of analog and digital beamforming based on subarrays has been suggested in [7] around the same time as the idea of this work, but this paper considers the full-digital approach.
System and design
The MIMO system considered in this study has a transmitter Tx equipped with N t antennas which sends L m data streams fs m;' ðtÞ; ' ¼ 0; Á Á Á ; L m À 1g at time t to receiver Rx m (m ¼ 0; Á Á Á ; M À 1) with N r;m antennas using weight vectors T , and n m ðtÞ is the additive white Gaussian noise vector generated at Rx m (this expression of the receiver signal and the procedure of precoding is same as the conventional method in [5] ). In the conventional block diagonalization, weight vectors are designed by using singular value decomposition (SVD) of MIMO matrices, but the use of a large transmit array could result in impractically heavy computations. Therefore, this study considers low computational version based on subarray processing. Here two types of algorithms with different order of transmit and receive weight design are described. L ≜ P L m minfN t;0 ; Á Á Á ; N t;SÀ1 g because of the condition on the degrees of freedom (since one degree is consumed for one stream, N r in the inequality in Method 1 is replaced by total number L of streams). Consequently, Method 2 is a better choice if the number of the streams is smaller than the maximum possible value, but as the number of streams approaches to the maximum value (L m ¼ N r;m ), Method 1 becomes more advantageous.
Simulations and discussion
Simulations are carried out under the condition of Table I . The evaluations are based on the approximated achievable rate C m ¼ log 2 (1 þ SINR m ) (for the m-th user) derived from signal to interference plus noise ratio (SINR), which is calculated from the original data and the system output, and here, performance degradation from the conventional block diagonalization is observed assuming no specific application. Comparing the computational load for the SVD operation when algorithm for eigenanalysis widely used in communication is adopted, while the conventional method requires cN Table I (in case SVD routine with computations of quadratic polynomial of N t can be utilized (e.g., [8]), cube operations in former equations are replaced by square operations, but it can still achieve about 90% reduction of computations). Fig. 1(a) depicts the distribution functions of achievable rate. It is obvious that the performance of MIMO system by the proposed approach is degraded from the original one because of the suboptimality of the subarray processing. But it keeps quality sufficient for the use in multiuser network with a quite small computational load, which shows the proposed method is effective as a low computational method particularly when the use of the conventional version is impractical in real time applications. Since the number of streams is smaller than the maximum value, Method 2 which consumes less degrees of freedom has higher achievable rate under this condition. Achievable rate versus user number M curves are plotted for one and two streams in Fig. 1(b) . The per-user achievable rate in the proposed method degrades from the conventional one as the increase of number of users. This is because the increment of user has larger effect on the consumption of the degrees of freedom in subarrays with much smaller size than the original large size array. Another point is that Method 1 is better than Method 2 under large total number of streams, because when L is large, the disadvantage of the suboptimal receiver weight by receiver first design becomes dominant compared with the advantage of consumption of low degrees of freedom. The relation between SNR and achievable rate is drawn in Fig. 1(c) . It can be observed that SNR does not have an influenced on the characteristics of three methods. Fig. 1(d) shows how achievable rate is affected as the size of subarrays changes from N t;s ¼ 6 to N t;s ¼ 14. For the adjustment of the total array size (N t ¼ 100), two subarrays could have larger size than others. The performance is improved as the size of subarrays becomes larger at the expense of the increased computational cost, but it still keeps less than 2% of the conventional method even in case of N t;s ¼ 14.
As the subarray size becomes larger, benefit of Method 2 against Method 1 increases for the constant number of stream.
From the above results, it can be seen that the improvement of the design method to suppress the achievable rate reduction by the proposed method is desirable. In addition, it is remarkable that the proposed methods orient higher rate transmission by the massive array because of the limitation of subarray size, and can be switched to another approaches like sharply focused multiple beamforming when putting the priority on transaction of large number of users.
Conclusion
This paper has presented a low computational full-digital design approach of multiuser MIMO downlink system adopting a large array in transmitter side and smaller user number than maximum possible value. The massive array is first divided into several subarrays, and block diagonalization is applied to each of them, then they are again reconstructed into an array of the original size based on MRC. Computer simulations show that performance degradation from the conventional method, but it can significantly reduce the computational cost so that block diagonalization for the large array becomes practical. Future works are investigation on efficient construction of subarrays, and multistage extension of the proposed method.
